Saponins are secondary metabolites with high molecular weight. They present in a wide range of plant species and are distributed throughout the bark, leaves, stems, roots and even flowers. Saponins are bitter in taste and in recent years, they have received considerable attention because of their various biological activities including hepatoprotective, anti-ulcer, anti-tumor, antimicrobial, adjuvant and anti-inflammatory activities. Saponins are composed of a lipid soluble aglycone consisting of either a sterol or more commonly a triterpenoid and water soluble sugar residues, due to their amphiphilic nature, they are highly surface active and their biological activities are related to their chemical structures. Both steroidal and triterpenoids saponins show detergent properties. The aim of the present article is to review the saponin and methods of evaluation and also, their application based on the recent studies.
INTRODUCTION
Saponins are secondary metabolites synthesized by many different plant species [1] . Their name is derived from Latin word "sapo" meaning soap, due to their surfactant properties which allows forming stable soap-like foam upon shaking in aqueous solution [2, 3] . They have many medicinal uses including, microbial, anti-tumor, anti-insect [4] hepatoprotective, haemolytic [5] , and anti-inflammatory activities. They also decrees blood cholesterol level and may be used as adjuvant in vaccines [6] [7] [8] [9] [10] [11] [12] . In addition, saponins are used in preparation of soaps, detergents, fire extinguishers, shampoos, beer and cosmetic [13] . Many saponins exhibit haemolytic activity, have a bitter taste and are toxic to fish [14] . They are large molecules and contain a hydrophobic part, composed of a triterpenoid (30 carbon atoms) or steroid (27 carbon atoms with a 6-ring spirostane or a 5-ring furostane skeleton) backbone and a hydrophilic part consisting of several saccharide residues, attached to the hydrophobic scaffold through glycoside bonds. Terpenoid and steroid saponins are usually found in dicotyledonous and monocotyledonous plants, respectively [2, 7, 15] . Occurrence of triterpenoid and steroidal saponins in economically important crops are shown in Table 1 [16] . Saponins are derived from different parts of plants and their distribution among the organs of plants varies considerably (Table 2) . Saponins with a glucuronic acid moiety at C-3 of oleanolic acid are found in the flowers, while saponins with a glucose moiety at the same position are found in the roots [17] . Due to their amphiphilic nature, saponinmolecules form micelles in aqueous solutions. The size, shape, and structure of the saponin micelles depend on their plant origin, pH, temperature and the presence of electrolyte in the solution [7] .
Several steroidal saponin based drugs have been used for treatment of some diseases. For example, "Di-ao-xin-xue-kang," which has an ingredient composition of several steroidal saponins (dioscoresides C, D and E) is supplied from Dioscorea panthaica. The compound is administered orally and is useful for treatment and prevention of cardio-and cerebrovascular diseases in China. "Chuan-shan-long injection," is another steroidal saponin based drug that is prepared from Dioscorea nipponicaand (dioscin, gracillin and pseudo-protodioscin) and is employed for treatment of rheumatism [17, 18, 19] . 
CHEMICAL STRUCTURE OF SAPONINS
Saponins are glycosylated compounds composed of two main parts: a water soluble glucidic chain and a liposoluble structure [15, 21] . The structure of saponin is shown in Fig. 1 [21] . The non-sugar and sugar components are called aglycone and glycone, respectively. Aglycone portion is composed of a triterpenoid or steroid backbone [22] . L-arabinose, D-xylose, Dglucose, D-glucuronic acid, D-galactose, Lrhamnose and D-fructose are among the sugars constituents of saponins [21] . The sugar moiety is linked to the aglycone through an ester or ether glycosidic linkage at one or two glycosylation sites [23] . The aglycone may contain one or more unsaturated C-C bonds. When the oligosaccharide chain is attached at the C 3 position the molecule is called monodesmosidic saponin, while saponins which have an additional sugar moiety at the C 26 or C 28 position, are named bidesmosidic [24] . The structure of saponins from different plant is depended on the types and amount of sugars, as well as the composition of steroid ring. It was observed that young plants have higher saponin contents than mature or old plants, although several factors such as physiological state and environmental factors affect the saponin contents [22] . Saponins are classified in two main groups according to the nature of their aglycone; saponosides with steroidic aglycone and saponosides with triterpenic aglycone. The steroidic aglycones have a skeleton with 27 carbon atoms. These molecules come from an intramolecular cetalisation which intervenes after oxidation in C 16 , C 22 and C 26 of a cholestanic precursor taking into account spironature of C 22 ; this hexacyclic skeleton is usually indicated by the spirostane term.In fresh plants, it is not rare that hydroxyl in C 26 is engaged in a connection with a sugar. The structure may be pentacyclic; which is called furostane. The triterpenic aglycones, come from the cyclization of the (3S)-2,3-epoxy-2,3-dihydrosqualene.
This cyclization gives pentacyclic compounds like dammaranes, oleananes, ursanes, and hopanes. The majority of triterpenic sapogenins belong to these four basic skeletons. Different possible structures of saponins are shown in Fig. 2 [21] .
Isolation and Identification of Saponins
The extraction techniques employed in saponin extraction include the conventional and the green technologies.The conventional extraction techniques are maceration, Soxhlet, and reflux extraction, where the green technologies are microwave-assisted, ultrasound-assisted and accelerated solvent extraction (Fig. 3) . The conventional extraction is based on the solubility of solute from plant materials into solvent. So, it often utilizes a large quantity of solvent to extract the desired solute and sometimes is aided with elevated temperature by heating, and mechanical stirring or shaking. The green extraction method is involved less hazardous chemical synthesis, safer chemicals, energy efficiency and pollution prevention. 
CONVENTIONAL METHODS
Maceration extraction: In the method, plant material is extracted by soaking the plant material in a specific solvent for a period of time.
Ethanol and methanol are usually used as the extraction solvents to extract saponins from plant materials.
Reflux and Soxhlet extractions:
The only difference between reflux and Soxhlet is that Soxhlet apparatus consists of a thimble to house the plant material. This technique involves heating a solution to boiling and then returning the condensed vapors to the original flask.
Subsequent extraction:
The method is performed on plant materials using two extraction methods subsequently. Using this method may be lead to highly purify the extract before subjecting to HPLC analysis for isolation and identification of saponin.
Green Extraction Technologies
Ultrasound-assisted extraction: The phenomenon of ultrasound creates cavitation bubbles in the solvent to denature the plant cell wall when the bubbles collapse at rare fraction resulted in a greater extraction yield of bioactive compounds.
Microwave-assisted extraction:
Microwaves are non-ionizing electromagnetic waves with a frequency range from 0.3 to 300 GHz. Microwaves are able to penetrate into biomaterials and generate heat by interacting with polar molecules such as water inside the materials. The water content of a plant material is responsible for the absorption of microwave energy which leads to internal superheating and cell structure disruption, and consequently, facilitates the diffusion of bioactive compound from the plant matrix.
Accelerated solvent extraction:
It is an automated rapid extraction technique that uses minimal solvent at elevated temperature and pressure. These processes are usually completed in 15-25 min using only 15-45 ml consumption of solvent. Using increased temperature enhances the solubility and mass transfer of solute to solvent, and elevated pressure keeps the solvent below its boiling point, enabling fast, safe, and efficient extraction of material from the plant [20] .
There are several methods used for determination of saponins in plant material. Spectrophotometry, a simple and practical method, may be used to measure the amount of saponins [25] . Thin-layer chromatography (TLC) has been used successfully in the separation, purificationand determination of a large number of saponins in plant extracts [26, 27, 28] . Solvents which have been reported as suitable for developing thin layer plates are shown in Table 3 and different spray reagents that can be used which give characteristic colors with saponins are summarized in Table 4 . Also, high performance liquid chromatography (HPLC) technique is widely employed for quantitative analysis of saponins (Table 5 ) [29] . C8 column (4.6×150 mm, 5 µm [30] , C18 (25×0.4 cm, 5 µm) [31] , C8 (250×4.6mm, 5mm I.D.) [32] and C18 column (250×10 mm, 5mm [10] are commonly used for HPLC detection. High-speed counter-current chromatography (HSCCC) is a continuous liquidliquid partition chromatographic technique that in comparison with conventional column chromatography, eliminates the complications arising from the solid support matrix, such as stationary-phase deactivation, tailing of solute peaks, and contamination. It has been widely used to separate a variety of natural products including saponins [33] .
Nuclear magnetic resonance (NMR) and fourier transform infra red (FTIR) are carried out to investigate unknown saponins in plant [27] . Heat at 90 °C for 10 min grey-laluemauv [38] , Achillea fragrantissima [39] , Sesbania grandiflora [40] , Sapindus mukorossi [41] and Medicago sativa [21, 42] . The crude saponin extracts from flowering A. fragrantissima and vegetative part are 4 and 2.6%, respectively [39] . It has been reported that Platycodi Radix contains 1-4% triterpenoid saponins [43] .In A. nutans, the concentration of saponins was determined to be 4% of total dry plant [16] . These compounds can be obtained from some marine organism [26] such as starfish, sponges and sea cucumbers [2, 27, 44] . Saponins are also found in defensive secretions of certain insects [21] . The two major commercial sources of saponins are Yucca schidigera, which grows in the arid Mexican desert, and Quillaja saponaria, a tree that grows in arid areas of Chile [45] .
ACTIVITIES OF SAPONINS

Biological Action
Defensive role
It was shown that saponins protect plants from phytopathogenic microorganisms, insects and phytophagous mammalian [42] . Their insecticidal activity may be related to the ability of producing alterations in the feeding behavior, in the molting process, interacting with hormones that regulate the growth and causing death in the different stages of development. Also, saponins can interact with the cell membranes and affect on the hydrophobic-lipophilic balance and permeability of these, because they are capable to form complex with cholesterol and reducing the rates of absorption [46] . Sea cucumbers are marine animals that are characterized by a slow motion and the absence of prominent structural defenses. So, they are vulnerable to predation. The body wall and viscera of these organisms contain saponins as defense systems to protect them [47] . Su [52] . It has been previously reported that C. albicans, and C. tropicalic were sensitive to the saponins of G. glabra and Q. saponaria [53] . Other researches that evaluated the antimicrobial activity of saponins are summarized in Table 6 . [59] . Various mechanisms of growth inhibition of tumors cells are shown in Fig.  4 . Some of saponins induce pore formation in mitochondrial membranes and induce apoptosis.
In vitro studies in human glioma cells have showed that saponins may reduce protein expression which appears to be mediated through repressing the kinases MAPK1, MAPK3, MAPK8 and MAPK14. Saponins of Acacia victoriae promoted apoptosis by activation of caspases and cytochrome C release. Another study reported that this saponin induces the expression of nuclear factor erythroid 2-related factor 2, a transcription factor, which mediates the expression of several detoxifying and antioxidant proteins. Apoptosis was observed in the cervix carcinoma cell line HeLa by induction of DNA fragmentation, upregulation of proapoptotic Bax, downregulation of anti-apoptotic Bcl-2 and caspase 3-activation. It was shown that soy saponin inhabited cell growth and reduced inflammatory responses by mediating increased inhibition of the transcription factor nuclear factor-kappa B (NFkB), which mediates expression of inflammatory proteins. These effects are the result of interference with degradation of the inhibitor of NFkB, IkB [60] .
Anticardiovascular activity
It has been reported that ingestion of saponin containing food decrease cholesterol levels in the bloodstream and as a results decrease the risk of cardiovascular diseases [7, 61, 62] . It was also, reported that ginseng saponins decrease blood cholesterol levels in rabbits by increasing cholesterol excretion through bile acid formation [63] .Elekofehinti et al. in 2012 showed that consumption of saponin from Solanum anguivifruit lead to reduction in the risk of hyperlipidemic symptoms and heart diseases [64] . It has been previously reported that the total saponins extracted from G. glabra and Q. saponaria were capable of forming complex with cholesterol. It was concluded that oral administration of total saponins of G. glabra and Q. saponaria may cause a reduction in cholesterol absorption through gastrointestinal system and as a result lowering the blood cholesterol [65] .
Anti-inflammatory activity
Patel et al. in 2012 studied anti-inflammatory activity of saponin isolated from the Thespesia populnea (L.) leaves. According to their results, the saponin showed potent anti-inflammatory activity on acute and chronic inflammation models. They demonstrated that mechanisms for anti-inflammatory activity might be associated with the inhibition of prostaglandin and histamine [66] . Yassin et al. in 2013 investigated the antiinflammatory activity of a saponin-containing fraction derived from methanolic extract of Gleditsia caspica fruits. They were observed that the saponin could significantly inhibit the progression of the inflammation in the treated animals. They were demonstrated that the inhibitory effect of saponin could be due to inhibition of the enzyme cyclo-oxygenase and subsequent inhibition of prostaglandin synthe [67] . Different mechanisms are known for anti inflammatory activity of saponins. Saikosaponins induces anti-inflammatory effect by suppressing both the DNA binding activity and the nuclear translocation of nuclear factor of activated T cells (NF-AT) [68] .Inflammation is managed by a large 
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animals. They were demonstrated that the inhibitory effect of saponin could be due to oxygenase and subsequent inhibition of prostaglandin synthesis [67] . Different mechanisms are known for antiinflammatory activity of saponins. Saikosaponins inflammatory effect by suppressing both the DNA binding activity and the nuclear translocation of nuclear factor of activated T The saponins are used as adjuvants in vaccines [7] . Q. saponaria saponins can stimulate both the humoral and the cellular immune responses against the pathogens. So, they can be used as adjuvants in vaccine formulations [42] . 
Absorption enhancer
Sajadi Tabassi et al. in 2007 evaluated the enhancing effect of total saponin extracted from Acanthophyllum squarrosum on intranasal insulin absorption in rat. According to their results, the saponin was able to improve insulin absorption through the nose and reduce blood glucose in rat [71] .
Industrial Application
Cosmetics
Saponins are employed as stabilizers of cosmetic emulsions, and as foam intensification in shampoos and conditioners [7] . Alkanolamides are often used to prepare stable foam, but because of producing nitrosamines, they are potentially carcinogenic compounds. Aghel et al. in 2007 prepared an herbal shampoo using total saponins of Acanthophyllum squarrosum. Their results showed that the formulation containing 5% total saponin could produce stable foam in the absences of foam stabilizer. According to their results, alkanolamides can be substituted the saponins of A. squarrosum in shampoo formulation [72] . Also, saponins of Q. saponaria are used in cosmetics for preparation of lipstick and shampoo [73] .
Food industries
The saponin of Q. saponaria has been exploited in food industries. It is used as foaming agents in beverages and confectionery [73] . Saponin of Chenopodium quinoa is used in preparation of beer [13] . Saponin of Quillaia is permitted to be used in food and "generally recognized as safe" (GRAS) in the USA. The usual saponin levels in use in the USA are shown in Table 7 [33].
The main known activates of saponins are summarized in Table 8 [24, 50, 57, 60, 67, 74, 75] . 
CONCLUSION
Saponins are produced by plant, lower marine animals and some bacteria. They consist of a sugar moiety such as glucose, galactose, glucuronic acid and xylose that are linked to a hydrophobic aglycone which may be triterpenoid or steroid in nature. Several biological, pharmaceutical and industrial applications have been attributed to saponins including, immunostimulant, hypocholesterolaemic and anticarcinogenic properties. They have also many applications in food, agricultural and cosmetics industries. The wide spread incidence in plants and the potential pharmaceutical applications has led to extract of saponins and their identification in numerous species. Isolation and identification of the structure of saponins can be carried out using NMR, HPLC, GC and TLC.
